to be more isolated within well established territories (Carvalho-Filho, 1999) .
Occurring from the shallow waters of tide pools to the deeper waters of the continental shelf, the squirrelfish is capable of producing sounds with its swimbladder for intra-specific communication purposes (Carlson and Bass, 2000) . It feeds mainly during the night on meroplankton, including crab larvae and shrimp, as well as on juvenile fishes (Beets, 1997) .
Although it has a relatively low commercial value, its ecological importance is quite significant. It shows great resilience, being able to survive for many days inside traps, as well as in polluted areas (Wyatt, 1983) . Due to its beautiful, bright red colour, it is also often used in aquariums (Robins and Ray, 1986) . Off northeast Brazil, the species is frequently caught by artisanal boats fishing with traps, hand lines and gillnets.
The squirrelfish has external reproduction, and spawns all year round in warm regions, but only during summer in colder waters of higher latitudes (Thresher, 1984) . It occurs on the western coast of the Atlantic Ocean, from North Carolina (USA) to Bahia (Brazil), including the Gulf of Mexico and the Caribbean (Woods and Greenfield, 1978) and on the eastern Atlantic from Gabon to Ascension Island (Ben-Tuvia, 1990) .
The objective of the present work is to study the reproductive biology of the squirrelfish caught by small scale artisanal fishing boats off the coast of Pernambuco, northeast Brazil, including information on gonad maturation, gonad index, size at first sexual maturity, fecundity, and spawning type and time, which is crucial for adequately assessing and managing the exploited stocks.
MATERIAL AND METHODS
The specimens of squirrelfish examined in the present work were obtained from fish markets located in the cities of Recife (Pina Beach), Olinda and Paulista (Janga Beach) (Fig. 1 ). They were caught by small scale artisanal fishing boats, which never go beyond the outer limit of the continental shelf, generally fishing from about 4 to 16 nautical miles from the coast in depths ranging from 20 to 50 m. All specimens were sampled immediately after landing, and were then taken to the laboratory in order to minimize deterioration by enzymatic activity. Nevertheless, a few boats stayed up to three days at sea, which resulted in some cases in the fish being poorly conserved.
The fishing grounds are characterized by the presence of rocks or coral reefs around which a large number of fishes tend to assemble. The main fishing gears used are traps, hand-lines and gillnets. The exact location where the examined fish were caught is not available. A total of 203 specimens, 102 males and 101 females, were collected from March 2003 to June 2004 (Table 1) .
All specimens were initially measured (fork length and total weight), then eviscerated to collect the gonads, which were weighted and measured. Once the dissection and cleaning process was over, the fish was again weighted in order to verify the gutted weight. All biological samples were initially immersed in 10% formaldehyde solution for 24 hours, and were then transferred to a 70% ethanol solution for preservation.
In order to describe the relationship between eviscerated and whole weight, the following model was used: 
where TW is the total weight, and EW the eviscerated weight. In order to describe the relation between weight and fork length, the models used were:
for eviscerated weight TW = φFL θ + ε i and for total weight. With a view to evaluate if the TW-EW and EW-FL relationships of males and females showed significant (p<0.05) differences, a W statistic based on the χ 2 distribution was used (Mendes, 1999) .
For histological analyses, a small section taken from the middle of the gonad was dehydrated, cleaned, and included in paraffin at 60°C. The paraffin blocks were then sectioned at 6 μm, stained with hematoxylin and eosin, and examined under optical microscope. The scale by Vazoller (1996) was used to analyze maturation and gonad development, including the following stages:
Females:
Immature: ovaries are translucent, with a thin wall. Macroscopic differentiation from testes is not possible.
Maturing: maturing gonads were microscopically differentiated in two different stages: early and late maturation. Gonads in early maturation showed most of the oocytes in the yolk vesicle stage, while females in late maturation showed most of the oocytes in the vitellogenic stage, some with the vitellogenic process already concluded. The ovarian wall thickens.
Mature: the majority of the oocytes in the gonads found at this stage had already completed vitellogenesis. They had a larger volume, and were also well vascularized.
Spent: gonads in this stage had a flaccid aspect and were easily recognized under the microscope, showing several post-ovulatory follicles.
Resting: gonads in this stage were thin, but with a relatively thicker ovarian wall.
Males:
Immature: without spermatozoa stored in the seminiferous tubules.
Mature: with spermatozoa stored in the seminiferous tubules.
To obtain the spawning time, the monthly mean gonad index was calculated, adapted from Schaeffer and Orange (1956) , as follows:
where GI is gonad index, GW is gonad weight, FL is fork length and θ is the allometry coefficient found in the relationship EW-FL for both males and females. To evaluate seasonal variation of the gonad index, the immature specimens were excluded from the analysis.
To analyze spawning type, the maximum diameter of all oocytes whose nucleus was in the central position (i.e. the cells sectioned close to its maximum diameter) was measured for 24 females (4 per sexual stage). The oocyte-diameter frequency distribution was then drawn for each stage and the spawning type classified following Marza (1938) : synchronous in one group, synchronous in two groups, synchronous in more than two groups, or asynchronous.
Total fecundity was estimated from 2 pairs of gonads of mature specimens, bimonthly, totalling thus 12 pairs. The gravimetric method proposed by Vazzoler (1996) was used, according to which, the number of vitellogenic oocytes from a gonad section of a known weight are counted and extrapolated to the whole weight of the gonads.
Size at first sexual maturity, as the fork length at which 50% of the population is able to reproduce, was estimated by the relative frequency of mature specimens in each size class, which was determined by the sigmoid function: where Mf is the fraction of specimens that are sexually mature.
RESULTS
The sex ratio of the whole sample was very close to 1:1, with a maximum monthly variation of 23% (Fig. 2) . Female fork length ranged from 9.6 to 21.5 cm, with the majority of the examined specimens (77.2%) lying between 16.5 and 20.5 cm. Male fork length ranged from 13.5 to 20.7 cm, with a mode in the class interval of 18.5 to 19.5 cm (Fig. 3) . Since EW-TW, EW-FL and TW-FL relationships were significantly different between males and females, they were drawn separately for each sex. The relationship between eviscerated (EW) and total weight (TW) was linear, and was expressed by the equation EW = 0.9117TW + 1.7928 (R 2 = 0.979) for males, and EW = 0.9011TW + 1.8591 (R 2 = 0.987) for females. The relationship between Eviscerated Weight and Fork Length was exponential as follows: EW = 0.0889FL 2.5074 (R 2 = 0.826) for males, and EW = 0.0948FL 2.4673 (R 2 = 0.878) for females. Parameter values for TW-FL were close to those for EW-FL, as follows, for males and females respectively: TW = 0.1034FL 2.4832 (R 2 = 0.785) TW = 0.0972FL 2.4889 (R 2 = 0.867).
Of the 101 females examined, 15% were immature (Fig. 4A ), 16% were maturing (9% in early maturation (Fig. 4B1) , and 7% in late maturation (Fig. 4B2) ), 23% mature (Fig. 4C ), 4% spent (Fig. 4D ) and 42% resting (Fig. 4E) . Females in late maturation were found only from October to March, whilst resting females were more frequent in June and July (Fig. 5) .
Unlike the females, all males were found with spermatozoa stored in the seminiferous tubules, and were therefore considered as sexually mature. The monthly mean gonad index of both males and females was lowest in June and July (Fig. 6) . The highest mean values for females were recorded in January, March, August and September, and for males in March, August, September and December. Female size at first sexual maturity (L 50 ) was estimated at 14.6 cm (Fig. 7) , according to the following equation:
Mf = e -32.4689+(2,2271FL) /1+e -32.4689+(2,2271FL) .
Based on this size, only 7% of all females sampled were juveniles.
The frequency distribution of oocyte diameter showed a mode for all stages at around 40 μm, which represents the oocytes at the perinucleolus stage. As oocyte development progresses, new modes from batches of larger oocytes become visible, together with the 40 μm oocyte class (Fig. 8) . This pattern of ovarian development indicates that spawning is synchronous, with the oocytes ripening in more than two groups. Therefore, it is characterized as a batch spawning. The total fecundity of 12 ripe gonads ranged from 56274 to 249863 oocytes, with a mean of 148570 oocytes per ripe gonad. Total fecundity (TF) was linearly related to the weight of the ovary (OW), as follows: TF = 3.3049OW -3.6519 (R 2 = 0.951).
DISCUSSION
The sex ratio close to 1:1 is the expected result for an equilibrium population, since the number of males and females at birth is generally the same (Santos, 1978; Aguilar and Malpica, 1993) . Nevertheless, according to Vazzoler (1996) and Wu et al. (2001) , this ratio might differ from 1:1 due to different growth rates, mortality rates and longevity for each sex, sexual inversion and migration to spawning grounds.
The fork-length frequency distribution does not express the real size structure of the population due to the bias from fishing gear selectivity and spatial segregation. Nevertheless, the small number of juvenile specimens in the sample (about 7%) suggests that the fishery is mainly targeting adults, which is positive for the sustainability of the fishery. The TW-EW relationship is important for estimating live weight from landed weight, as well as assessing the most adequate selling price for the whole and eviscerated fish.
Although the length-weight relationship is commonly drawn from the total weight and fork length (Ricker, 1975) , using eviscerated weight, as in the present paper, allows a more accurate estimate, since the maturity stage (gonad weight) and stomach contents may strongly influence the total weight. Nevertheless, TW-FL was also estimated in order to allow comparisons with other authors (Table 2) .
This geographical variation might be related to the nutritional condition of the fish examined, due to prey availability and predation resulting from different environmental conditions and fish behaviour. However, it might also be influenced by the size and length frequency distribution of the sample treated in the different studies.
The seasonal changes in distribution of the different sexual stages associated with the variation of the monthly mean gonad index, with the lowest values for both males and females being recorded in June and resting after a peak reproduction in May, suggests lower sexual activity during this time of the year, which coincides with winter time. Since H. adscensionis is a tropical species, continuous reproductive activity throughout the year could be expected, as suggested by the presence of mature females throughout the year (Fig. 5) . Several environmental factors, however, might contribute to lower sexual activity during winter, such as lower temperatures, salinity, and photoperiod, as well as higher turbidity (Murphy and Taylor, 1989) . For Dascyllus albisella Gill, for instance, Danilowicz (1995) reported a strong intensification of reproductive activity, as a result of a sudden rise in sea water temperature. The small number of spent females is probably related to the relatively short time females spend in this stage. For the Holocentridae Sargocentron rubrum from the Mediterranean Sea, Golani and Ben-Tuvia (1985) reported a short spawning season from July to August. Galzin (1987) , studying the gonosomatic index of the species Sargocentron microstoma in French Polynesia, suggested a spawning season from December to January. The occurrence of spawning in the warmer months is reported by Munro et al. (1973) and Wyatt (1983) for the Holocentridae species from the Caribbean.
The fork length of the largest specimen examined (21.5 cm) was close to the L ∞ found by Wyatt (1983) , for specimens caught off Jamaica (26.5 cm). Size at first sexual maturity was also very similar between the two regions (14.6 cm off Pernambuco, 14.5 cm off Jamaica), and was, in the present case, significantly smaller than the most caught size class. This is beneficial for the sustainability of the fishery. The diameter frequency distribution of the oocytes was also close to that described by Wyatt (1983) , again pointing to a large similarity between the reproductive biology of the species in both hemispheres of the western Atlantic.
The strong relationship between ovarian weight and absolute fecundity (R 2 = 0.951), allows the late to be estimated from the weight of the ovary (Delahunty and Vlaming, 1980) . Bagenal and Braum (1978) noted that fecundity is commonly proportional to the size of the fish. For H. adscensionis off Pernambuco, however, the increase in ovarian weight with size seems to be more related to the higher proportion of specimens in a more advanced sexual stage than to larger ovaries. A similar trend was found by Johns and Miranda (1997) , studying Dorosoma cepedianum (Lesueur) off the Mississippi. Nomura (1965) SL = standard length: The measurement from the tip of the snout to the posterior end of the vertebral column. FL: Fork Length: The measurement from the tip of the snout to the posterior end of the middle caudal rays.
